Twenty-seven patients (18 male) underwent PM with a median age of 15 years (3-18 years). The diagnoses were listed as osteosarcoma (13), Wilms' tumor (7), Ewing's sarcoma (3), synovial sarcoma (2), rabdomyosarcoma (1) and mixed germ cell tumor of testis (1). RNBs were new rising in 15 patients (55%), enlarging in seven patients (26%) and stable in five patients (19%). Vital tumor metastasis was detected in all of the patients with enlarging nodules (100%); in 10 of the 15 patients with new rising nodules (66%) and none of the patients with stable nodules. None of the patients with stable nodules developed recurrence or died after PM (p˂0.05). In patients with enlarging nodules, metastases recurred and they died in the postoperative period. These findings were similar in different types of tumors. RNB could be used as a critical parameter in deciding surgical management strategies of pulmonary metastases. Stabile nodules should be observed by close follow-up with serial CT scans without surgery. All of the suspected new rising nodules should undergo surgical sampling to avoid unnecessary chemotherapy. Nodule progression under chemotherapy is a poor prognostic criteria for overall survival.
Pulmonary metastases could be seen frequently in some of the childhood tumors such as osteosarcoma, Ewing's sarcoma or Wilms' tumor. Treatment of these disorders consists of a multidisciplinary approach such as surgery, chemotherapy, and/or radiotherapy (RT). The significant positive effects of pulmonary metastasectomy (PM) had been demonstrated on long-term survival in adults and children in several studies. [1] [2] [3] [4] [5] Sometimes, pulmonary metastasectomy could be more significant than the course of the primary tumor at the prognosis.
There is no unique management strategy for various types of pediatric pulmonary metastases. Different treatment options can be necessary according to the type and stage of the tumor. Several factors such as size, localization and number of the metastatic nodules were investigated in previous studies to demonstrate their effects on prognosis and survival. [3] [4] [5] [6] [7] The characteristics of radiological nodule appearance, such as size or calcification on computerized tomography (CT) scan was investigated to distinguish the nature of the the nodule as malignant or benign. 8 Radiological nodule behavior (RNB) means the course of the nodule appearance on consecutive CT scans before and after chemotherapy. The nodules could disappear, enlarge or begin to appear firstly after initial medical treatment. In this study, we aimed to discuss the effects of radiological nodule behavior in prognosis in patients who underwent PM.
Material and Methods
Retrospective analysis of patients who underwent pulmonary metastasectomy (PM) in our clinic between 2005 and 2015 was performed. A pulmonary nodule was defined as demonstration of a noticeable nodule on helical CT scan. The diameter of the nodule could be diverse according to the radiological appearance as calcific or non-calcific. The effects of parameters included number, size and localization of the nodules, extent of resection, timing of metastasis, viability of the tumor tissue and radiological nodule behavior (RNB) were analyzed on outcomes, i.e. recurrence, 1-year and 3-year event free survival (EFS) and mortality. The types of nodule behavior on radiological studies were classified as:
Stable nodule: diagnosed at the beginning of the disease and did not shrink or enlarge after chemotherapy.
Enlarging nodule: diagnosed at initial admission, and enlarged after chemotherapy.
New rising nodule: identified for the first time in the post-chemotherapy period or late recurrence of the nodules which disappeared in the early post-chemotherapy period.
Nodules which disappeared after chemotherapy did not require surgery. So, we did not enroll these patients into this study. The effects of nodule behavior and the other parameters such as number, size, localization of the nodules and the type of surgical resection on prognosis were analysed to determine the effects of these parameters on prognosis.
The criteria for PM were considered as follows: total resection or control of primary tumor site; sufficient pulmonary capacity after resection; no extrapulmonary metastasis; feasibility of complete resection verified by preoperative work-up and no superior treatment modality rather than surgical excision. 2 The surgical approach as thoracoscopy or thoracotomy was decided according to the visualization and resectability of the nodules and the aim of the procedure as diagnostic or curative.
Management strategies were decided according to the primary diagnosis and the aim of the procedure as curative or diagnostic. Pulmonary metastasectomy was performed for achieving cure and treatment in patients with the diagnosis of osteosarcoma, Wilms' tumor, synovial sarcoma and mixed germ cell tumor of the testis. However, in diagnosis of Ewing's sarcoma or rabdomyosarcoma, procedures were applied to reveal the suspected radiological conditions for pulmonary metastasis. Thus, oncologists could decide the requirement for additional chemotherapy or radiotherapy. Only localized and small pulmonary metastasis in Ewing's sarcoma underwent metastasectomy to achieve cure. Some of these patients with huge pulmonary metastasis underwent mestastasectomy to reduce the tumor size to achieve effective external radiotherapy.
All types of the malignancies, regardless of presence of lung metastasis, underwent chemotherapy as an initial treatment. The decision of surgery was determined after chemotherapy. Patients were investigated by helical CT scan again after chemotherapy in order to evaluate the final status of lung metastasis. If no nodule was detected on CT scan, patients were followed without surgery. Control CT scans were obtained in every 3-6 months periods in the first year after chemotherapy. Surgical excision was performed in patients with nodule behaviors such as: stabile nodules with suspected radiological features for pulmonary metastasis, new rising nodules or enlarging nodules. Detected nodules on CT scan were evaluated for possibility of surgical resection. Chemotherapy/radiotherapy was administered in non-resectable metastatic nodules which could not provide the criterias
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The research was reviewed and approved by an institutional review board; participation involved informed consent.
The statistical analysis was performed by SPSS for Windows 20.0. Clinical data were converted to crosstabs and underwent Pearson Chi-square and Fisher's exact test analysis. We considered p values lower than 0.05 to be statistically significant.
Results
Twenty-seven patients (18M, 9F) underwent 29 surgical procedures with a median age of 15 years (range: 3-18 years). The median follow-up period in the overall group was 31±33.6 months (range: 13-145 months). Clinical characteristics and surgical procedures are summurazid in Table I and II, respectively.
Recurrence was seen in nine patients (41%), and reoperation was performed in two of them. Adjuvant chemotherapy was administered to 14 patients after surgery. Radiotherapy was applied in 10 of these patients after surgery (37%).
Metastatic nodules were detected during initial diagnosis of the primary tumor in 12 patients (45%). In the other patients, pulmonary metastasis was identified in a median period of 18 months after primary diagnosis (range, 7-96 months). Pulmonary nodules were grouped according to the radiological nodule behavior as new rising nodules in the 15 patients (55%), enlarging nodules in seven patients (26%) and stable nodules in five patients (19%) ( Table III) .
Tumor viability was checked in different types of nodule behaviors. Vital tumor metastasis at pathological examination was detected in all of the patients with enlarging nodules (100% The effects of radiological nodule behavior on recurrence, 1-and 3-year EFS and mortality in all of the patients regardless of different diagnoses were presented in Table IV . All types of nodule behaviors had not had a significant effect on 1-year EFS. Stable nodules had significant lower rates of recurrence and mortality and a significant positive effect on 3-year EFS statistically. In patients with enlarging pulmonary metastatic nodules, metastases recurred and all of them died in the postoperative period (100%). There was not a positive effect on overall survival in enlarging nodules. In patients with new rising nodules, surgical excision did not effect recurrence, 1-year EFS, 3-year EFS or mortality significantly. Most of them died in the first year of PM. Two of these seven patients died after three years of surgical excision. Consequently, PM only had positive effect on lengthening the life span in limited number of patients with enlarged nodules.
The effects of radiological nodule behaviors were analyzed individually according to primary type of the tumor in The effects of the other parameters (such as number, size and localization of the nodules, extend of resection, timing of metastasis, viability of the tumor tissue) on 1-and 3-year EFS, recurrence and mortality in the overall group were analyzed (Table VI) . 1-year EFS could be evaluated in 21 of 27 patients and determined as 81% in this group. All of the parameters which were stated at methods had no statistical effect on 1-year EFS. 3-year EFS could be assesed in 17 of 27 patients and detected as 58%. Nodule recurrence was seen more frequently in nodules which consisted vital tumor histopathology (p=0.052). Mortality was seen in eleven of all patients (33%).
Complications were seen in six patients: pneumothorax (3 patients), atelectasis (2 patients) and pericardial effusion (1 patient). Pneumothorax was treated with tube thoracostomy. Other complications were treated conservatively. There is no unique management strategy for all types of pediatric malignancies for pulmonary metastasis. The management strategy for pulmonary metastasis must be indivualized according to the type of the primary tumor. 11 Also, the aim of the treatment may be different in various type of tumors. [12] [13] [14] Pulmonary metastasectomy (PM) could be performed to complement the whole treatment in osteosarcoma or Wilms tumor. It should be the mainstay of the treatment in localized relapsed tumors. However, Ewing's sarcoma or rabdomyosarcoma are usually diffuse disorders, and surgery is indicated for confirmation of the metastasis in these tumor types. Sometimes, surgical metastasectomy would be necessary to reduce the tumor volume before radiotherapy.
In this study, we aimed to investigate the effects of different radiological nodule behaviors on prognosis of patients underwent pulmonary metastasectomy. Thus, we wanted to get critical messages to structure our surgical management strategy. Several prognostic criteria were determined in previous studies as number, localization and size of the nodules. In our study, most of the parameters like number, size and localization of the nodule, complete nodule resection, adjuvant chemotherapy/ radiotherapy or timing of metastasis had no effect on 1 and 3-year EFS, recurrence or mortality. Only few parameters such as nodule behavior as stable or enlargement at nodule size and live tumor metastasis had been shown as positive or negative significant factors. The stability of nodule size had a significant positive effect on 3-year EFS. Tumor recurrence and mortality were seen more frequently in patients with enlarging nodules and live tumor tissue at histopathological examination. The rates of recurrence and mortality were significantly lower in patients with stable nodules. The effects of radiological nodule behaviors (RNBs) were independent from the the type of the primary type of the tumor. These findings were similar in different types of tumors such as osteosarcoma or Ewing's sarcoma. So, we thought that RNBs could be used as a useful
Tumor types Live tumor metastasis Recurrence Mortality
Osteosarcoma (n=13) New rising nodules (n=5) Enlarging nodules (n=5) Stable nodules (n=3)
Wilms' tumor (n=7) New rising nodules (n=6) Stable nodule (n=1)
Ewing's sarcoma (n=3) Enlarging nodules (n=2) New rising nodules (n=1)
Synovial sarcoma (n=2) New rising nodules (n=2) 2 (100%) 0 (0%) 0 (0%) Rabdomyosarcoma (n=1) New rising nodules (n=1) 0 (0%) 0 (0%) 0 (0%)
Mixed germ cell tumor of testis (n=1) Stable nodule (n=1) 0 (0%) 0 (0%) 0 (0%) adjunct to assume the prognosis in pediatric pulmonary metastasectomies.
In our study, vital tumor tissue at metastatic nodules was identified in 18 patients at pathological examination (66%). Six patients had necrotising tumor histopathology and did not require additional therapy. Moreover, benign pathologies like atelectatic lung tissue or non-specific calcified nodules were identified in three patients at pathological examination after surgical excision. Vital tumor metastasis was determined in all of the nodules which were enlarged after initial treatment. However, expected pathology could be different according to the behavior of nodules. Benign pathologies or necrotising tumor tissue were detected in five of 15 patients with new rising nodules (33%). Therefore, all of the patients with new rising nodules should not be accepted as metastasis with only radiological studies. Pulmonary metastasectomy achieves certain pathological diagnosis in these patients.
In the follow-up, all of the patients with enlarging pulmonary metastatic nodules died in the postoperative period which were independent from the primary type of the tumor. Surgical excision only had positive effect on lengthening the life span but no effect on overall survival rate. After these results, we thought that pulmonary metastasectomy in patients with enlarging nodules under chemotherapy should be investigated more carefully for surgical interventions.
From the procedure aspect, thoracoscopic metastasectomy should be preferred in peripherallly localized nodules which could be visible during procedure. 15 Palpation is usually advised in pulmonary nodules to exclude undetected nodules on CT scan. [16] [17] However, there are some studies which reported that non-palpable nodules do not affect survival due to their small size. 18, 19 In recent years, detailed CT scans could demostrate nodules with very small sizes. 20 Recurrence Therefore, a recent detailed CT scan should be obtained before surgery. On the other hand, thoracoscopic approach provides convenient for secondary pulmonary nodules requiring surgical intervention. 21 The indications for thoracotomy should be included as non-visible or vast number of nodules which can not be resected thoracoscopically. Nodulectomy, wedge resection or segmentectomy could be preferred for nodule resection. 22, 23 Also, lobectomy should be performed in non-palpable and large nodules which are placed deeper in lung parenchyma and close to hilar structures. Surgical approach should be individualized according to the preoperative imaging studies.
Radiological nodule behavior (RNB) such as stable, new rising or enlarging nodules should be used in the surgical management strategies of pediatric pulmonary metastasectomies.
Stable nodules: None of the patients had vital tumor tissue at histopathological examination regardless of primary tumor types. Stabile nodules should be observed by close follow-up with serial CT scans without surgery.
Enlarging nodules: All of the patients with enlarging nodules recurred and died after surgery including osteosarcoma or Ewing's sarcoma. Nodule progression under chemotherapy is a poor prognostic criteria for overall survival. In our patients, surgery had a limited effect on lengthening the life span.
New rising nodules:
One third of the nodules had benign pathologies in our study group.
Patients with new rising nodules should not be accepted as pulmonary metastasis promptly. Surgical excision must be performed to avoid unnecessary chemotherapy in suspected nodules.
